During the past few decades, scholars have pointed out similarities between the flux of time that Thomas Mann set out to explain in The Magic Mountain and the one articulated in Albert Einstein's theory of relativity.
1 Michael Kaufmann and Werner Jung, among others, em-1. Recently, Manuela Poggi treated the relativity of time in Mann's subchapter "Snow." She tackles the subject from an aesthetic point of view and compares Einstein's theory, where the measurement of the physical values is relative to the velocity of the objects, to the way in which the "Education" process of the protagonist modifies, amplifies, and shrinks through time and space. Poggi states that Castorp's introspective experience while wandering in the mountains is the result of the character's isolation from the surrounding space. Immersed in this isolation, the protagonist has direct contact with the relativity of time. In this article, although Poggi mentions Einstein's theory and relates it to the protagonist's experience, she does not mention any source that could have helped the author learn about Einstein's theory. See Mauela Poggi, "'Was ist die Zeit? Ein Geheimnis,-wesenlos und allmächting.' Sulla relativizzazione del tempo nel capitolo Schnee in 'Der Zauberberg,'" in phasized how when Mann was writing his novel, Einstein's theorytogether with the ideas of thinkers such as Arthur Schopenhauer, Henri Bergson, and Oswald Spengler-led to a reassessment of the concept of time. However, if one takes a closer look, Mann's point of view about the flux of time differs significantly from that of Einstein's. As this article shows, although Mann uses the same methods as the physicist to evaluate the perception of the relativity of time, through his prose, he questions the basic principles of this theory. After the publication of Einstein's article in 1905, thinkers in many fields of study became interested in how his theory changed the notion of time. Mann was no exception, and in the fourth chapter of The Magic Mountain, he includes a conversation between the main protagonist, Hans Castorp, and his cousin that revolves around time and the concept of simultaneity. In this section, the author shows concern for a fundamental aspect that science was taking for granted-the human capacity to measure the flux of time. Mann does not dwell at length on the topic in this chapter; Castorp expresses his opinion about the flux of time, but does not try to prove his assertions. A few years later, when Mann resumed writing his novel, he had the opportunity to evaluate the ideas of Spengler and Einstein. Taking these ideas into consideration, he condensed his own perspective regarding the relativity of time and its interaction with human beings.
In The Decline of the West, Spengler explains how each culture generates a unique interpretation of some basic concepts, such as time and space. He pays special attention to the relationship among these concepts and the way in which Faustian science defined them. When Mann read this book, he wrote in his diary specific comments regarding time that denoted a great affinity between his own thoughts and those of Spengler. Spengler's ideas accorded with what Mann had already thought years before with respect to the notion of time and the changes it underwent through the first two decades of the twentieth century.
Months later, Mann came across two articles that appeared in newspapers and magazines for general audiences and that were intended to disseminate Einstein's ideas. 23 This material pointed out some fundamental ideas behind the theory of relativity, and helped explain in greater detail of the body's motion when exposed to certain natural conditions. The first of these articles completely supported Einstein's theory, whereas the second one, after analyzing its epistemological basis, refuted the idea of the contraction of time when a body travels at velocities near the speed of light.
After exploring this material, Mann was ready to define more clearly his own vision of the relativity of time, which strongly criticizes Einstein's. Surprisingly, to criticize Einstein's theory, Mann validated his ideas using the same methods employed by the physicist to validate his own theoretical framework-a thought experiment. In the subchapter "Snow," Mann created the appropriate natural conditions under which to test the capacity of the human being to measure time. The results of Mann's experiment were completely different from those of Einstein. 4 This article does not follow a specific methodological approach, as do those emphasized by scholars such as Gillian Beer, 5 Barbara Naumann, 6 or, more recently, Laura Otis 7 to explore the interrelations between literature and science. It does not intend to show how Einstein's theory affected the narration of events in Mann's novel. Instead, it highlights aspects of these methodological approaches concerned with the reception of scientific theories in literary fiction. This decision is motivated by the fact that, to track the development of Mann's reasoning, an entire article is required.
Mann's thought experiment clearly captures certain aspects of the 4. To some extent, Carsten Könneker's 2001 article develops the same idea; however, crucial differences exist between his work and mine. Könneker considers the entire book as a thought experiment (through different passages, he contends that Mann's thought experiment begins the moment that Castorp arrives at the mountain), whereas I focus exclusively on one scene at the beginning of the novel, one paragraph of a subchapter, and one entire subchapter. To Könneker, Mann accepts Einstein's theory and arrives at the same conclusions. From my perspective, Mann's prose challenges the implications of Einstein's theory. To Könneker, Mann takes elements from different popular accounts of time, and through Castorp's reasoning, shows the similarities between the two concepts. By contrast, I focus on the differences between the two concepts rather than on their similarities. overlap between science and literature. For example, in "Science and Literature," Gillian Beer speaks about the levels of allusion to science, and in the section "Terms and Belief," she highlights how Émile Zola's methodological analysis is the same as that used by Claude Bernard to develop his controlled experiments and evaluate its results. Zola used this analysis to shape the themes in his literature. This case study, as many others, is very similar to how Mann interacted with Einstein's ideas. Mann followed the same methods used by the physicist; however, in Mann's case, the appropriation of ideas does not imply equivalence, but rather allusions aiming to evaluate the scope of scientific theories within literature. In the section "Origins and Interchange: Two Models," while examining the relationship between science and literature, Beer asks readers to focus not only on the definitions of scientific concepts within literature, but also on the forces involved in generating a specific text and, more importantly, on how writers contribute to those forces. As will be seen, Mann contributes to a revaluation of a scientific theory, departing exactly from the same claims Mann proposed in his own findings. Finally, in the section "Science and Literature," Beer identifies "making sense of experience" as a common goal of both disciplines. This is identical to what Mann proposed. In his thought experiment, making sense of experience implies arriving at conclusions different from those proposed by Einstein. Transformation, rather than translation, of scientific ideas when represented in literature (a point Beer emphasized in her essay) is clearly represented in this case study. The idea of making sense of experience proposed by Beer, which Mann's thought experiment represents, takes us to an aspect of literature that Barbara Naumann has emphasized in "Introduction: Science and Literature." In the section "Primeval Scenes," 8 she states that literature not only describes science, but is also able to contribute to scientific knowledge. Literature, without the pressure of pursuing accurate knowledge, is able to freely experiment and reflect on what science tells us. Through metaphors, literature can conduct these experiments and illuminate aspects that scientific models have not taken into account. As this article shows, Mann's thought experiment accurately encapsulates this capacity of literature.
There is still another point that Mann's thought experiment reflects about the overlap between science and literature. In the article "Science Surveys and Histories of Literature: Reflections on an Uneasy Kinship," Laura Otis highlights that the value of literature in dealing with scientific theories emerges the moment the writer fo-8. Naumann, "Introduction: Science and Literature" (above, n. 6), pp. 511-515. cuses on differences instead of similarities. In Mann's case, the value lies in how the author transforms the notion of the relativity of time, as experienced by Castorp, in the subchapter "Snow." The information contained in this article is evidence that Mann's understanding of the relativity of time not only reflects a conceptual inclusion of a scientific theory within his literary work, but also an alternate interpretation based on the following metaphor: time is motion in space. In the section "Telling a Good Story," Otis points out that in literary studies, new readings of texts should be taken as discoveries, especially when these are grounded in connections with other texts so far unnoticed. Taking this into account, the connections presented in this article can be considered a discovery because, contrary to the view that Mann's interpretation was in agreement with Einstein's ideas, this alternate reading shows how Mann challenged Einstein's ideas.
Simultaneity in Einstein and Mann: The Origin of the Divergence
The concept of simultaneity is of great importance for Einstein's, as well as Mann's, definition of time. Near the beginning of "On the Electrodynamics of Moving Bodies," Einstein used the concept of simultaneity to develop his ideas. Likewise, Mann considers the concept at the beginning of The Magic Mountain, and some features suggest that Mann, while writing one of the first chapters of his novel, already had the concept and its relevance for measuring time in mind.
Albert Einstein
In "On the Electrodynamics of Moving Bodies," Einstein spoke about the contraction of time as the velocity of an object approached the velocity of light. At the beginning of the article, he makes two main assumptions. The first concerns the non-variety that Maxwell equations 9 should maintain while different observers travel at constant velocities. The other refers to what he calls the "principle of relativity," 10 where the velocity of light remains constant, regardless of the motion of the emitter or of the observer.
In the first two pages of the article, apart from defining these two 9. The Maxwell equations are four partial differential equations that describe the behavior of the electric and magnetic fields concerning its sources, which are the charge density and the current density. They also describe how these fields develop as time passes.
postulates, Einstein was also concerned with the definition of some basic notions, such as position, motion, and time. In brief paragraphs, Einstein defines these three concepts and, while doing so, addresses the concept of simultaneity. To establish a position, he uses a "system of coordinates" where Newtonian equations could be applied and "hold good." Early in the article, Einstein uses the word "relativity" for a description of his system of reference.
11
Until that moment, Einstein maintains the Newtonian model; however, in the subsequent paragraph, he redirects the notions of motion and time so far understood by Western culture. Because of its capacity to relate the idea of motion and time, the concept of simultaneity of events is one of the crucial aspects for the development of the theory of relativity. Einstein explains that, to describe the motion of a particle, one can obtain the coordinates of an object as a function of time. Next, he ponders the human understanding of time and associates the answer to this question using the concept of simultaneity as follows: "If, for instance, I say, 'That train arrives here at 7 o'clock,' I mean something like this: 'The pointing of the small hand of my watch to 7 and the arrival of the train are simultaneous events. '" 12 This was the first time that the concept of simultaneity was used for measuring time by the occurrence of different events.
Einstein's idea of measuring time is based on events that happen simultaneously within space; time is measured beginning with spatial events and their interactions. The next paragraph of the article clarifies this connection and expands on the idea by comparing spatial events with temporal events. Einstein points out that the words "the pointing of the small hand of my watch" could easily be substituted by the word "time." The substitution and definition of the word work as long as someone defines the time in the space where the person is located.
13 This is Einstein's starting point to analyze how natural phenomena evolve within the continuum of time and space.
11. "If a material point is at rest relatively to this system of co-ordinates, its position can be defined relatively thereto by the employment of rigid standards of measurement and the methods of Euclidean geometry, and can be expressed in Cartesian coordinates" (ibid., p. 73).
12. Ibid.
13. This definition does not hold if one wants "to connect in time a series of events occurring at different places or-what comes to the same thing-to evaluate the times of events occurring at places remote from the watch" (ibid.).
Thomas Mann
At the beginning of a conversation between the protagonist Castorp and his cousin in the subchapter "Clarity of Mind" in The Magic Mountain, Mann emphasizes the relevance of the concept of simultaneity as it pertains to the notion of time. A little farther ahead, but always in the same conversation, the author points out what one has to consider before accepting the notion of simultaneity of events.
According to Castorp's cousin Joachim Ziemssen, clocks and calendars are able to measure the flux of time for everyone; however, before this thought, Joachim observes that the more attention one pays to the movement of the hands of a clock, the slower time passes. To point out the lack of clarity in Joachim's statements, Castorp reminds him of what he had just said. Then, Joachim says, "A minute is as long as . . . it lasts, as long as it takes a second hand to complete a circle. 15 He mentions that this phenomenon relates to the ongoing dependence between time and space, that this is "a matter of motion, of motion in space." 16 This relationship depends on how fast bodies move through space. Castorp explains that covering a distance by walking would take us much longer than covering it by train, and if we only think of it, it takes less than a second. 17 In this analysis, Castorp not only alludes to Newtonian mechanics but, to some extent, also to Einstein's theory. In the first two situations, walking and going by train, Newtonian mechanics serves to describe the phenomena; however, in the last case, the closest velocity to that of "thought" would be the velocity of light, and Einstein's is the only theory able to analyze objects moving at such velocity.
In this conversation, Castorp recognizes that the feeling of the passage of time is unrelated to its measurement: it does not matter 14 whether clocks and calendars (based on the notion of simultaneity) are able to measure its passage; human beings feel it differently in every situation. Castorp is aware that space is the basis on which one can measure time; however, to measure time with space is as arbitrary as to measure space with time, because to establish how long it takes to get from one place to another depends mostly on how one travels. Castorp concludes that the measurement of time is an imposition, a convention created to replace the human incapacity to sense the flux of time. Although Castorp does not go further in proving what he is saying, he is convinced that this is the case. In this scene, Mann does not analyze the topic in detail, although for the first time, his protagonist perceives that something does not make sense when speaking about the measurement of time.
It is difficult to determine exactly when Mann wrote this subchapter. On the one hand, before the break from writing for four and a half years, 18 Mann had written a bit beyond the subchapter "Hippie." If he wrote this scene during this first stage, it would mean that he understood simultaneity as a key concept involved in the measurement of time even before becoming acquainted with Einstein's ideas. 19 On the other hand, Mann could have added information to this subchapter after the break, just as in subchapters "Satana" and "Herr Albin" in April 1920. 20 In any case, both Einstein and Mann acknowledged the concept of simultaneity as a departure point from which it is possible to establish the measurement of time, even though, for Mann, this measurement did not contribute to solving the question of what time really is.
Oswald Spengler (or, Isolated Times)
In 1919 and 1920, Mann reflected deeply on the concept of time. In July 1919, he wrote in his diary how surprised he was to find in the work of Spengler ideas similar to those of his own from years before, and that he had written while portraying the physical and psychic relationship between Castorp and his grandfather. 21 26. These thoughts refer to civilization, pragmatism, and rationalization, which were the basis of the system created by the war winners. 30 where he addresses what he calls "the problem of time" (das Zeitproblem). Here, he points out how different fields of study have attempted to provide an answer to the question of what time "is." To Spengler, one of the most relevant characteristics of the Faustian period is that science (physics) has established a connection between time and space. In this description, time is mechanically measurable and describable through mathematics. This description allows for the possibility of obtaining, through the observation of nature, even negative values. Spengler mentions the theory of relativity and explains that its main difference with Newtonian mechanics lies in its approach to the "movement problem." From his perspective, one of the main faults of this theory is the unification of time and space along a continuum. Because one cannot observe it in nature, it should be impossible to relate them in a theoretical way. 31 Another characteristic of the Faustian concept of time has to do 29. Thomas Mann first wrote on Spengler's ideas in November-December 1922. The essay "Brief aus Deutschland" (Letter from Germany) was a contribution to the American magazine The Dial. In this essay, he referred to a new species of book, which he called an intellectual novel. He placed Spengler's book, among others, within this new wave of literature. The books to which he referred were not the type of traditional novel established at the beginning of the century. Among them were Nietzsche's An Attempt at a Mythology and Friedrich Gundolf's biography of Goethe, but the article was mainly an analysis of Spengler's text. In 1924, the essay "Über die Lehre Spenglers," which was almost entirely a re-edition of "Brief aus Deutschland," was published in Germany. In both articles, Mann spoke of Spengler as a "fatalist" and a "defeatist." with the mechanical device-the clock-created to count its flux. This device has given us the ability to be aware of the relationship between past, present, and future. Mann underlined the paragraphs where Spengler describes these ideas, and one of the few remarks that appears in his edition occurs when Spengler states that, in Faustian culture, the hours, minutes, and every single second are of importance. Next to these words, Mann wrote "Zbg,"
32 which was the shorthand he used to refer to The Magic Mountain. This means that either the idea of the paragraph was close to some of the ideas that he had already covered in his book, or that Spengler's thoughts could help him develop his own prose. In any case, this fact approaches Spengler's temporal notion to the one that Mann elaborates in The Magic Mountain.
The other chapter containing ideas about the flux of time-chapter 6, "Faustian and Apollonian Natural Knowledge"-is the last in the first volume. 33 Here, Spengler states that time is an "error of judgment." 34 For him, the "nature" of time has nothing to do with measurements. From Spengler's point of view, mathematics cannot represent time in spite of the revolution created by Immanuel Kant's philosophy. Spengler suggests an exercise in which he imagines a human being without memory who, unable to associate previous moments, would be incapable of recognizing "the worldview of history" (das Weltbild der Geschichte), and "the concept of movement" (der Begriff der Bewegung). 35 Finally, Spengler states that in an empty space, the concept of movement has no meaning. Mann also paid special attention to these words and underlined them. 36 As we will see, Mann represents Spengler's ideas through a temporal oblivion that Castorp experiences on the mountain.
Spengler's ideas were the motivation for Mann to reconsider and amplify what he had thought years before. After reading Spengler, Mann had more bases to criticize the notion of time generated in Faustian culture. The relationship between space and time, the movement problem, the awareness of the time flux, and the measurement of time are some temporal aspects that Mann exposes in his prose. Actually, the empty space mentioned by Spengler is very similar to that described by Mann in the subchapter "Snow." Here, Castorp does not know whether he is moving, mainly because he is unable to recognize the objects that surround him because of the snowfall that occurred while he is in the woods trying to ski. The next section addresses these features more in depth.
The Thought Experiment
What in science is known as a thought experiment refers to the process of abstraction where changes in objective conditions (such as velocity) are imagined, and then a specific experiment is performed. The results obtained might have specific implications for natural phenomena. It is a process of taking nature to its edges and then observing how objects behave under those conditions. 37 Since the Enlightenment, imaginary experiments had been used to create scientific theories and even to draw philosophical conclusions, but it was not until the end of the nineteenth century when a place was assigned to the thought experiment in the process of experimentation. In 1897, physicist and philosopher Ernst Mach explained that scientists used these tools of discovery and investigation before performing an experiment in the laboratory.
38 Doing so served the following two purposes: it allowed scientists to consider how the experiment would evolve, and it helped them foresee the behavior of variables under different circumstances. The main purpose of the thought experiment was to construct a scenario in which the actual experiment would be carried out; however, the thought experiment and the actual experiment share a basic method-variation. The imaginary experiment gained more impetus in the first decades of the twentieth century when Einstein developed the famous imaginary scientific examples, such as what would happen if objects were able to travel close to the speed of light. The main difference between Mach and Einstein's thought experiments was that, in the latter, no actual physical experiment could corroborate the results. While the thought experiment evolved with time, it continued to be 37. To James Robert Brown, it is not possible to define exactly a thought experiment. In a recent book, instead of beginning with a clear definition of the notion, he describes some of them and later recognizes similar characteristics. Then, based on these characteristics, he generates a classification of thought experiments. James R. based on the variation method; hence, the information abstracted from it was still valuable.
In literature, as in science, a similar phenomenon occurs. 39 The imaginary experiment is a logical construction of words grounded in conjectural bases for our understanding of possible implications. In literature, this strategy has a long tradition and has been used as a source of creativity since the Renaissance. The capacity of these experiments to embrace consequences deriving from logical relations is why writers have found it so useful and, indeed, decisive for elaborating their own stories. 40 The imaginary experiment developed by fiction writers, who used prose as a vehicle for literary experimentation, is a specific characteristic of modernist narrative. These writers used text to experiment just as scientists use scientific experiments. In this context, texts are experiments that assess linguistic assumptions. These texts also test fields of knowledge (such as science), challenge ideas supported by scientific facts, and, assuming different bases, experiment with the implications. Among others, Robert Musil, Alfred Döblin, and Franz Kafka were writers who used imaginary experiments either consciously or unconsciously. 40. One of the most recent works that explores the similarities and the differences between the scientific thought experiment and the thought experiment in literature is the book edited by Michael Gamper: Experiment und Literatur: Themen, Methoden, Theorien (Göttingen: Wallstein Verlag, 2010). Here, the editor gathers the work of different scholars and organizes them by topic. The first section explores the media and the techniques used in both experiments. The second section emphasizes the methods and the operations that take place in each of them. The third section speaks about the objects and the subject areas chosen by scientists and writers to generate the thought experiments. The last section underlines the conditions (such as the social atmosphere and geographical places) that have favored the generation of the mentioned experiments.
41. As a result of the project "ACUME 2: Interfacing Science, Literature and the Humanities," Calzoni and Salgaro edited a book that reflects the interest of modernist German literature in the thought experiment. In this work, the editors chose articles
Mann Reads Einstein
At the end of February 42 and the beginning of March 43 1920, Mann read some newspaper articles related to Einstein's theory of relativity. The writer did not understand all the implications of the theory; 44 however, through these articles, he became acquainted with two different perspectives-one supporting the theory and another rejecting it.
The Münchner Neueste Nachrichten (Munich latest news) divided the first article into two parts, one that appeared on February 24 and the other on February 25. With the title "Raum, Zeit, Schwerkraft" (Space, time, gravity), author Dr. W. Schweisheimer, a physician who occasionally published documents on popular subjects in physics, summarized the main ideas contained in the theory of relativity. Schweisheimer's article was intended for laymen. Supported by Einstein's thought experiments, he explains the theories of special relativity and general relativity without using formulas or complex concepts.
The first part of the article mentions how scientists took the most basic Newtonian mechanics concepts as absolute definitionsas unquestionable notions defined a priori. This ideology, a three hundred-year-old tradition, framed the dynamics of nature. This changed when critical thinkers, based on thought experiments, understood that concepts' definitions were arbitrary impositions; Einstein was one of them. Schweisheimer presents three thought experiments that share common factors, namely the isolation of the persons involved in the actions, the necessity of outside observers, and the relationships among body, movement, and space. In the first experiment, a person inside a train moving at a uniform speed and in a straight line, completely isolated from the outside environment (with the windows closed), has no means by which to determine whether the train is moving. After a time, the person opens a window and perceives movement. How can this person be entirely sure that the train, not the tracks, is moving if there are no stationary objects surrounding the train? Only an observer at rest outside the train can determine its movement; however, not even this person's statement is definitive because either the railway cars or the railway tracks could be moving. The answer to this question depends only on the selected frame of reference. The person on the train then throws a stone from the window and sees a straight-line trajectory, but the external observer sees a parabolic trajectory. Which of the two descriptions is more accurate, a straight line or a parabola? Both are equally accurate because the movement of the stone is also relative to the observer who is looking at it. In outer space, the same phenomenon occurs. Every celestial body moves in relation to other celestial bodies, and only an external observer (who should be located outside the space, although this is impossible) can determine the absolute movement. In this scenario, every celestial object travelling at a uniform speed creates a frame of reference.
The "principle of relativity" is incompatible with the notion of absolute time. Earth time is not the absolute or the only time. Instead, each celestial system (comprised of bodies moving through space) has a particular time, and a description of the movement of a body through space is related to the system. This is also true when one measures the time it takes for a body to travel a specific distance; the measurement of time depends on the system by which it is being measured.
Schweisheimer employs a thought experiment to explain the idea of simultaneity. Here, a train moves at high speed and two rays of light hit the train's railroad car at the same time, one where it begins (point A) and the other one where it ends (point B). After the impact, light emanates from these two points toward the middle of the car (point M). A non-moving observer outside the train observes that the two beams arrive simultaneously at point M; however, an observer inside the train first sees the ray that emanates from point B and then the one that emanates from point A. This experiment corroborates the measurement of time as relative to the system from which the phenomenon is registered. The author finishes this first part of the article by saying that these thought experiments reinforce the existence of the space-time continuum, and that space-time points should describe the movement of bodies in space.
In the second part of the article, Schweisheimer explains the thought experiment that Einstein used to describe the general theory of relativity as an extension of the special theory. 45 The experiment runs as follows: An observer, situated inside a box far away from the earth and the stars, drops a piece of wood and a piece of lead. Both objects move toward the bottom of the box and touch it at the same time. Outside, a long cord (attached through a hook to the box) pulls the box. The observer cannot see what pulls this cord. An explanation could be that the cord is "somehow" connected to a planet or other massive object, but the same phenomenon can occur without the influence of a gravitational field. If the box is not attached to a cord and is pulled with a constant force equal to the gravitational force, the objects will experience the same accelerated motion. Can the inside observer detect whether the objects move because of a change in inertial state or because of the effects of a gravitational field? Einstein answers that the inside observer has no means by which to differentiate the gravitational effect from an inertial effect. This is what Mann read in Schweisheimer's article, and even though he did not explicitly refer either to Einstein's theory or to his thought experiments in The Magic Mountain, through this article, he was able to consider and articulate the fundamental characteristics behind the theory. From these experiments, Mann learned of the conditions Einstein imposed in his thought experiments, such as that in each of the experiments, the person involved in experiencing movement is isolated; that this isolation occurs inside a place with no contact with the outer space or in a space where no stationary objects can be recognized; that each of the systems "generates" or has its own unique time; the measurement of time depends on the system; and, finally, that Einstein always supports his claims with the presence of external observers who are able to describe the characteristics of those systems.
One week later, Mann read another article about the theory of relativity, which appeared in the Der Neue Merkur 46 under the title "Zur Relativitätstheorie" (About relativity theory). In this material, 45 . In the general theory of relativity, Einstein takes into account the gravitational force. In this descriptive model, every object moves at a variable speed provoked by the gravitational fields of massive bodies.
46. Der Neue Merkur was one of the magazines that the writer read frequently.
Arthur Kaufmann (1872 Kaufmann ( -1938 47 criticizes the foundations of Einstein's theory from a conceptual point of view. To do so, Kaufmann follows a specific method and invalidates the physicist's theory by focusing his attention mainly on the velocity of light (or of a moving body) with respect to an observer or a system, to the measurement of time. From his perspective, the theory yields erroneous conclusions because it assumes that the measurement of time and space depend on the movement of a body. Kaufmann establishes that this is based on the assumption that time, as space, can be measured.
Einstein considers that a ray of light requires the same amount of time to get to a specific point as it does to come back to the emission source, regardless the system's movement. This generates different systems of reference in which specific time and space dimensions operate. Here, time and space are dependent on each other. For the author, this conclusion is possible only if one considers a light beam as a corpuscle, because if it were a ray, after its emission, it would lose impulse and would not keep a constant velocity.
Kaufmann then ponders what happens if an observer travels at the speed of light, which is the same as pondering how light behaves at rest. In this hypothetical situation, the light effect would not materialize, and saying that light is at rest "with respect" to the observer would not make sense. If one considers the light beam as a corpuscle, it either does not participate in the motion of the system or it travels without a medium. To Kaufmann, in this case, Einstein's questions are meaningless because the light corpuscle would be "carried by" the movement of the system, just as any other body. What happens, then, if one considers light as a dynamic effect? In this case and within the systems of reference, nothing moves. In both cases, the speed of light or the speed of a moving body, with respect to an observer or a moving system, is not important because this information does not help analyze the phenomenon. Kaufmann attributes these misunderstandings to a more basic problem related to the measurement of time, and after this first section, he develops ideas regarding this topic.
Even though Kaufmann's arguments are completely misguided, the value of this article lies in the fact that it shows a possible way by which to question the conceptual basis of Einstein's theory. It is highly likely that Mann paid close attention to the questions that follow in the article, and to the methods Kauffman used to challenge Einstein's theory. 47 . Arthur Kaufmann was a famous chess player, neither a physicist nor a mathematician.
For Kaufmann, the clearest difference between the measurement of space and time is that to measure the former, a person can create a connection between what he calls the space measure and the length measure. The conceptual scheme, the metric space as Kaufmann defines it, is created through the abstraction of the content of physical expansion; 48 however, a similar kind of relationship cannot be established with time intervals.
To Kaufmann, the question of what space is does not need to be answered, because space can be defined in many ways; however, the metric space makes possible the creation of a uniform measurement, a standard measurement that enables one to measure the length of a body. Although apparently this system does not have any fundamental issues, later in his article Kaufmann emphasizes a subtle connection between the basic measure of space and time.
Regarding the measurement of time, Kaufmann supports his arguments based on Henri Bergson's notion of duration. 49 For Bergson, time is pure intensity and is dimensionless and independent from space. To Kaufmann, as long as we do not form a connection between time and duration, we cannot measure time because, contrary to what occurs with space, we cannot support its measurement on a concept such as the one of expansion. So how can we measure it? So far, we have created a way to measure time only through space. The pendulum and the spring-clock measure time through the effects of forces, but by using these devices we measure time through space. 50 The same occurs when a time interval is schematized. The schematization of a time interval involves repetition, continuity, and the necessity to come back to the same point. The circle is the only curve satisfying these conditions. The arc lengths (an angular measurement) schematize and transform a direction measurement into a time measurement. But here, once again, the time measurement is based on a space measurement. As it will be seen in the next section, Mann questions the notion that time is measured based on a circular motion.
Kaufman also notices that the straight-line definition (the basic 48. Unlike Bergson, the author believes that we cannot only measure expansion.
49. The concept of durée appears for the first time in the doctoral thesis of the philosopher. Henri Bergson, Essai sur les données immédiates de la conscience (Paris: F. Alcan, 1889).
50. These devices can tell us whether two different springs generate the same force or if the same deformation in two springs produces the same mechanical effect, but this does not assure that two times are equal. In the same way, two similar pendulums can produce very similar vibration amplitudes; however, these devices, without clearly establishing a connection between duration and time, cannot measure them.
concept to pinpoint directions) as the shortest distance between two points, contains a temporal component-the word "shortest" has a temporal connotation. 51 From this point of view, one needs the concept of time to measure space, and the notion of dimension cannot be used to describe either space, which is divided into three different directions, or time, which is a "trend-line" used to measure the spatial form. From Kaufmann's perspective, to base the structure of time on direction would be absurd, so the only possibility is to think of time as non-dimensional. Finally, based on the arbitrariness imposed by humans in establishing time intervals, such as the number of earth-axis rotations, Kaufmann concludes that the relative motion has nothing to do with the measurement of time and space.
In brief, for Kaufmann, when one measures time and space apart from each other to understand them better, the following situations have to be considered: 1) the time value is a key element that gives shape to the concept of a straight line, which is fundamental to divide space in directions and measurable variables; 2) the body, the basic measure of the spatial expansion value, is directly responsible for the measurement of a time period; this measures direction and temporal variables according to size; and 3) the measurement of time and space is trapped between arbitrariness and necessity, the former of which establishes the duration of two values as equal, and the latter of which provides a constant spatial recurrence.
Mann's Thought Experiment
At the beginning of chapter 6 and after Castorp's first six months at the Berghof sanatorium, the narrator speaks about "desperate attempts" to understand the nature of time. The first paragraph of the subchapter "Changes," 52 in which the narrator addresses the topics of time and space, is written in scientific language. This introduction does not support the definition that science has assigned to time, and it shows how some of its basic principles are contradictory. In the first lines, the narrator recognizes how natural phenomena take place in the space-time continuum, and wonders whether time depends on space or whether it could be thought of as the other way around, space as a function of time-the narrator's proposal clearly echoes Kaufmann's ideas.
The narrator then points out some incongruities that arise when measuring time, the first being the devices used to measure it. According to the definition offered throughout The Magic Mountain, the only noticeable characteristic of time is that it brings changes through motion. On the other hand, the most representative characteristic of clocks is the circular motion of the hands, which by no means represent forward motion. To the narrator, this movement represents only stagnation: "But since we measure time by a circular motion closed in on itself, we could just as easily say that its motion and change are rest and stagnation-for the then is constantly repeated in the now, the there in the here."
53 Once again, Mann refers to Kaufmman, who uses the measurement of time by a circular motion as grounds for resisting Einstein's theory.
The narrator points out how time and space have been defined, respectively, as eternal and infinite. Here, we find the second incongruity-Mann's questioning of the scientific definition. That is, if something has been defined as eternal, then how is it possible to measure it? Does it make sense to speak about the measurement of the flux of time in eternity? The concepts of eternity and infinity contradict the basic concepts used to measure time: distance, motion, and change. The introduction to "Changes" seems to be directed to a specific person; the narrator concludes this paragraph as though he were questioning someone in particular, as though a scientist or a mathematician should explain all these questions: "Now there's a real question for you!" 54 Just as Spengler proposed in his work or as Einstein supported his claims, in The Magic Mountain, Mann develops a thought experiment. In "Snow,"
55 Mann recreates an atmosphere in which the absence of time can be perceived.
The thought experiment in "Snow" is part of a strategy that Mann developed in The Magic Mountain to recognize the relativity of time. This strategy consists of three elements of analysis. One involves the events in the story. After Castorp arrives at the mountain, he finds himself surrounded by characters who, through music or techno- logical devices (e.g., a thermometer), try to explain to him the flux of time that they have experienced in the isolated environment of the mountain. The second concerns the narrator, who develops a theoretical framework to explain the flux of time. To introduce some chapters, instead of narrating the events that take place, the narrator embarks on digressions about time, its flux, and its relationship with the narrative in a systematic, almost scientific, manner. The introduction of chapter 6 is one such example. Another example is the introduction of chapter 7, where the narrator explains concepts of "time novel," "real time," and "the time of its contents." 56 The third pertains to the indirect relationship between the time passed and the length of each chapter. Through the difference in the number of pages that Mann devotes to each chapter, the relativity of time can be perceived. The first chapters of the novel describe in detail the first few days of Castorp's journey to the mountain. While Mann devotes many pages to these first days, he describes the events that occur in the last years briefly, without using too many pages.
In the subchapter "Snow," the first two elements combine to reflect what happens to Castorp. On the one hand, he experiences the relativity of time-the feeling that the other characters were trying to explain to him. On the other hand, what he experiences in this subchapter exemplifies the aspects of the theoretical framework that the narrator develops in the aforementioned paragraphs. If one reads the first paragraph of "Changes," it appears as though the narrator, anticipating the events in Castorp's life, is constructing the scenario, and in "Snow," Mann applies his analysis of time and its relationship to the narrated events to which he constantly refers throughout the novel. The narrative technique used by Mann in his novel is clarified in this subchapter, where he seeks to picture his theory of time as follows: the duration of events is directly linked to how people experience it.
57
The protagonist Castorp has decided to buy skis and go to the mountain to practice. At three o'clock in the afternoon, he leaves Berghof sanatorium with the idea of returning a few hours later; however, after skiing for a while, he finds himself in the middle of a snowstorm that covers the entire landscape, including his body. The amount of snow is such that his sense of sight is compromised 56. The experience of time was being studied by several modernist authors during the same period. One of Mann's greatest achievements is that his theoretical framework of time finds applications in passages of experimental novels such as Ulysses (1922) and Mrs. Dalloway (1925) . The novels of Joyce and Woolf, in Mann's words, are "time novels" because a principal subject of their stories is time and its flux.
57. Mann, The Magic Mountain (above, n. 14), pp. 473-474. because the constant snowfall obliges him to constantly close his eyes: "the veil of blinding white obstructed his view and made the act of seeing almost totally impossible."
58 But even if he could see, the snow had already covered the entire surrounding nature and reduced any movement of nature to nothing. In this scenario, Castorp is not able to distinguish any forms: "And when he forced himself to look, he was staring into nothing, into white, whirling nothing." 59 Just as in Einstein's experiments, Mann uses an external observer (the narrator) who has an outside perspective of the events that the isolated entity (in this case, Castorp) is experiencing. To Einstein and to Mann, the external observer is central to the thought experiment because by not being part of the system, he or she is the only one capable of registering a temporal experience.
Here, the protagonist cannot calculate his position or the direction he should walk to return to the sanatorium. The landscape, as a constant, prevents him from having any idea of his spatial condition or his temporal location. To move in one direction is exactly the same as to move in another. 60 Precisely at this moment, Castorp is faced with a space where material objects do not exist; he is a body completely isolated from his surroundings where a frame of reference does not exist. This absence of spatial references generates a temporal oblivion. Everything surrounding him is white, there being no recognizable surface or object; therefore, his vision is taken up entirely with an unspecified form-a landscape without characteristics-and all that can be seen is whiteness. As a result, he comes to be confronted with the idea of infinity, as represented by the immense amount of snow.
61
According to the narrator's definition, people can experience the flux of time only as long as spatial conditions change. If there is a space without defined objects, and the day and night or the change of seasons cannot be identified, then the flux of time cannot be recognized. Castorp in this precise moment is immersed in a shapeless space where he feels timelessness. 62 As Fourman has pointed out, the beating of Castorp's heart could function as a mechanical device and help Castorp measure the flux of time; however, Castorp is not conscious of his own heart beating as a device. 63 He senses it, but he is more preoccupied with finding a place of shelter. With the recreation of this environment, Mann is applying the analysis of time and its relationship to the narrated events that, at the beginning of chapter 6, the narrator emphasizes. Castorp is unable to feel any part of his body or see any particular characteristic of his surroundings. He is completely confused.
When he finally escapes this situation by finding shelter outside a hut, he believes that he has been there for hours. But according to his gold watch, this is not the case. In fact, the entire experience has lasted only fifteen minutes: "he looked at his watch. . . . It was half past four. . . . Was he supposed to believe that his confused wanderings had lasted barely one quarter of an hour?" 64 The gold watch is the material object that brings the protagonist back from his spatial and temporal isolation; it is similar to the cable that pulls the box located in the remote space of Einstein's experiment. The watch provides Castorp with the possibility of comparing the feeling of time with the measure of time; without the watch, it would have been impossible for Castorp to know how much time had passed. When Castorp gathers his thoughts, he begins a discussion with himself on the concept of position and its relationship to space. From this part of the book, the importance of this subject to the author (i.e., his recent experiences in the snow and recognition of spatiality, or how impossible it is to recognize) can be inferred.
Taking a break and drinking some port, Castorp falls asleep. The next ten pages of the narration make up part of Castorp's thoughts and dreams. When he finally wakes up, he realizes that only ten minutes have passed. This again marks the phenomenon of the collapse of time vividly experienced by the protagonist. "He managed to pull out his watch. It was ticking. . . . It wasn't five yet-not by a long shot. Not for another 12, 13 minutes. Amazing! Could it be that he had lain there in the snow for only 10 minutes or a little longer?" 65 In Mann's book, Castorp's experience in the snowstorm is the first direct confrontation of time in its pure form. Prior to this, the characters speak about time only in their interpersonal conversations. The mountain experience is the first occasion when one of the characters vividly experiences the collapse of time.
In The Magic Mountain, based on a very carefully elaborated thought experiment, Mann speaks of the relativity of time, which depends on a confrontation of the human being with his/her perception of the flux of time without the help of any measuring device. The starting point for Mann's intuition is that a person has no way to perceive the passage of time. So the perception of time has to be linked to space. It has to be translated into what our sense of sight allows us to perceive. That is, the passage of time can be measured only by natural spatial changes, such as day and night and the seasons, or artificially by material objects, such as clocks and calendars.
Even though Einstein and Mann's thought experiments share many similarities, they also have punctual differences. Einstein's thought experiments are abstract, some even taking place in outer space. They are not experiments that can be performed by humans, so the entire exercise can take place only in the mind of the readers. Instead, Mann's experiment is much more practical and can be easily performed. One only needs to go to the mountains and wait until everything is covered with snow. Another main difference is that Einstein's thought experiment seeks to describe natural laws through objective facts, whereas Mann's experiment is entirely subjective. In Einstein's experiments, the observers rely on what they see, whereas Castorp relies entirely on what he feels.
After the snowstorm and his confused wanderings, Castorp believes that it is getting late because, according to his perceptions, a considerable amount of time has passed; however, according to his watch, only fifteen minutes have passed. Because of the lack of spatial references, Castorp loses a reference point from which he could measure the flux of time. According to his own experience, those fifteen minutes for him felt a great deal longer because he was lost and worried about the situation he was experiencing, not being aware of either his watch or the flux of time: "Time has slowed down for me." tion with Joachim, what Castorp discovers is that time is relative not because of the adopted frames of reference, but simply because without spatial references, there is no possible way to measure it. If an experiment could be carried out where spatial objects cannot be perceived, as happened to Castorp in the snowstorm, where neither the sense of sight nor his other senses help him to recognize his spatial surroundings, 67 then a person is incapable of recognizing or sensing the passage of time. In this subchapter, it is clear that Mann used the arguments he picked up in Schweisheimer and Kaufmann's articles on relativity.
The metaphor "time is motion in space" can be found in the three conceptual frameworks so far presented, although each of them conceived the relativity of time differently. Einstein pictured it as resulting from the interrelation of isolated systems; Spengler proposed that the relativity of time lies in how each culture conceives of motion in space; and Kaufmann and Mann associated it with the body and how it perceives the surrounding space. According to George Lakoff and Mark Johnson, metaphors reflect how people perceive the world. 68 As presented above, Einstein, Spengler, and Kaufmann/Mann variously interpret similar metaphors, but with specific differences. The work of scholars such as Cor van der Weele 69 and Marianne van den Boomen 70 could be taken as the point of departure to analyze how the metaphor of time, used in different contexts, produces different implications; however, this is a topic for further research.
Conclusion
Between 1912 and 1913, Mann began to notice the evolution that the concept of time was undergoing and pointed out some of its characteristics in the first chapters of The Magic Mountain; however, although Mann accepted the relativity of time, he did not agree with the way in which science and mathematics defined it.
A few years later, Mann learned about Spengler's notion of time, which, for Spengler, changed from culture to culture. Two fundamental characteristics of Faustian time were a concept intrinsically related to the concept of space and a concept measurable through mechanical devices. Spengler also underscored that the main difference between Newtonian mechanics and relativity was predicated on how each of them approached the movement problem. Mann paid attention to Spengler's reflections concerning the impossibility of associating time with space, and he recognized Spengler's discussion as helpful in emphasizing the cultural awareness of the notion of time that was taking place while he was writing his novel.
From here, Mann became more and more interested in the scientific definition of time. He could perceive its relevance for the development of physics, but he also had the intuition that the measurement of time was a reductive approach-the concept could not be measured, as science was claiming. In "Raum, Zeit, Schwerkraft," he discovered how Einstein structured his arguments and how, from established natural conditions, he was able to explain and reinforce his own ideas. By reading this article, Mann became acquainted with three different thought experiments. Without the necessity of any complex device and supported only by this type of experiment, Einstein was able to explain and to elucidate the dynamics of the bodies' movements. The idea of a thought experiment was sustained under a limited number of conditions. From these conditions, the physicist showed such implications as the dilation of time while objects move with a velocity close to that of light.
These experiments were meant to reinforce the claims of the scientist, but because they could not be tested, their theoretical principles could be criticized; Mann became aware of this in the second article he read. Kaufmann claimed that some of the conditions, imposed a priori by Einstein, lacked a solid theoretical foundation. For example, the measurement of space was possible because of the relationship between spatial and length measurements, where a metric space was created by the human mind. Nevertheless, a person does not have the necessary tools to create a similar temporal analogy and, thus, to measure the flux of time. For Kaufmann, the measurement of time is based on mechanical objects that measure spatial changes. Apart from that, inherent to the definition of the concept of a straight line, which lies at the center of the measurement of space, exists a temporal component; therefore, time cannot be measured without taking into account the concept of space, and space cannot be measured without taking into account the concept of time. Although most of Kaufmann's arguments are mistaken, Mann recognized in his article useful claims to elaborate his own case against Einstein's theory of relativity.
Based on these characteristics, Mann created his own thought experiment in which he confronts Castorp's vision of time and its relationship with space by putting him in a situation during which this relationship cannot be observed. The Berghof sanatorium is completely isolated on a mountain, and when Castorp gets lost in its surroundings covered with snow, the measurement of time becomes impossible. To demonstrate this, in "Snow," Mann includes the following elements: the spatial isolation of the story's protagonist; the impossibility of perceiving the movement of his own body because of the extreme natural conditions under which he cannot recognize stationary objects; the non-use of mechanical devices to register the flux of time; 71 and the presence of an external observer, in this case the narrator, who describes the characteristics of the system.
The principal goals of this thought experiment were to suggest that without spatial references, the measurement of time is inconceivable, and to show that if a measurement is done after the events have passed, this measurement is unable to clarify how a person feels its passage. Mann's thought experiment, as Kaufmann's years before, points toward an assessment of Einstein's theory. The author's own conclusion is that science, despite its advances in recent years, was unable to provide an answer to the question raised in the course of "Snow." In The Magic Mountain, Mann did not give an answer to the question, "What is time?"; however, through his thought experiment, he shows that time cannot be measured-not as science claimed it could.
71. Even though Castorp carries a watch during this experience, he looks at it only after the experience is over.
